Cultured primary human keratinocytes were the first non-cancer-derived cell type reported to produce the humoral hypercalcemia factor, parathyroid hormonerelated protein (PTHrP). Emerging evidence suggests that only a subset of keratinocytes produce high levels of PTHrP in vivo. We found that the PTHrP mRNA content of intact human skin was minimal, whereas transcripts were easily detectable in primary keratinocytes derived from those skin samples. We hypothesized that conditions associated with growth in culture activated PTHrP gene expression in primary keratinocytes. In culture, keratinocytes produce a number of epidermal growth factor (EGF)-like ligands (transforming growth factor-alpha, heparin binding-EGF and amphiregulin) and their receptor, ErbB1. Treatment of keratinocytes with a specific erbB1 inhibitor (PD153035) reduced PTHrP mRNA levels by .80% in rapidly growing keratinocytes. Treatment of keratinocytes with reagents that neutralize amphiregulin reduced PTHrP mRNA levels by 60%. Blockade of erbB1 signaling reduces transcription from the endogenous PTHrP P3-TATA promoter. The Ets transcription factor-binding site, 40 bases upstream of the P3 promoter, is required for baseline expression of PTHrP reporter gene constructs in keratinocytes; in addition, cotransfection of Ets-1 and Ets-2 expression vectors activate the reporter gene constructs. Finally, disruption of both ras and raf signaling reduce reporter gene expression by 80%, suggesting that ErbB1 signaling is mediated by the classic ras/MAP kinase pathway. These findings suggest that acquisition of EGF-like ligand expression has the potential to substantially activate PTHrP gene expression in the epidermis.
Introduction
Parathyroid hormone-related protein (PTHrP) was initially identified in association with the paraneoplastic syndrome, humoral hypercalcemia of malignancy. This syndrome is produced when tumor-derived N-terminal PTHrP enters the circulation and stimulates the parathyroid hormone (PTH)/PTHrP receptor (PTHR) in bone and kidney, resulting in hypercalcemia (Broadus et al. 1988) . Paracrine activation of the PTHR by PTHrP regulates the development of several organ systems including the long bone, tooth, mammary gland and epidermal appendages (Karaplis et al. 1994 , Philbrick et al. 1998 , Cho et al. 2003 .
The human PTHrP gene is a complex transcriptional unit composed of nine exons spanning more than 15 kb of genomic DNA (Gillespie & Martin 1994) . Transcription of the gene may be initiated at any one of three promoters: P1, P2 or P3. P1 and P3 are canonical TATA promoters and initiate transcription at exons 1A and 2 respectively, while P2 is a high GC-content element that initiates transcription upstream of exon IC (Vasavada et al. 1993 ) (see Fig. 5 ). Alternative splicing occurs at the 5 as well as the 3 end of the gene, and PTHrP gene expression can be regulated both by level of transcription and by mRNA stability. The precise mechanisms that activate high levels of PTHrP gene expression in tumors that are associated with humoral hypercalcemia of malignancy have yet to be identified.
In contrast to malignancy and embryonic tissue, evidence suggests that PTHrP mRNA and protein are minimally expressed in most adult tissues (Ikeda et al. 1989 . The interfollicular epidermis has long been considered an example of a tissue which expresses high levels of PTHrP in adult animals (Merendino et al. 1986 ). This stems from several lines of experimental evidence including the following: many immunohistochemistry studies that detected relatively intense immunoreactivity in a variety of epidermal layers , Atillasoy et al. 1991 , Rosol et al. 1993 , Sharpe et al. 1998 ; tumor surveys that indicate keratinocyte-like squamous cell carcinomas are frequently associated with humoral hypercalcemia (Stewart et al. 1980) ; and reports that primary epidermal keratinocytes produce higher levels of PTHrP mRNA than other cultured cell lines (Thiede & Rodan 1988 , Ikeda et al. 1989 , Vasavada et al. 1993 . In contrast, in situ hybridization-based surveys of developing rodent skin failed to detect substantial PTHrP mRNA in the interfollicular epidermis; instead PTHrP transcripts appear to be expressed exclusively in hair follicles in both fetal and adult systems (Senior et al. 1991 , Lee et al. 1995 , Cho et al. 2003 . The low levels of PTHrP mRNA expression observed in adult animals imply that transcription of the gene is tightly regulated , Cho et al. 2003 .
Primary cultured keratinocytes grown in monolayers have provided a very useful model to probe the basic cell biology of the epidermis; however, this system provides an incomplete model. It lacks a basement membrane, dermal influences and interactions stemming from stratification. In addition, keratinocyte culture systems are designed to maximize proliferation, resulting in a large fraction of cells expressing markers of hyperproliferation usually associated with wound-healing or preneoplastic conditions (Jiang et al. 1993) . A major characteristic of hyperproliferative keratinocytes is the production of a wide range of cytokines and growth factors, including those of the epidermal growth factor (EGF) family (Jiang et al. 1993 , Pittelkow et al. 1993 , Piepkorn et al. 1998 . Primary human keratinocytes in vitro not only produce endogenous EGF-related growth factors (transforming growth factor (TGF)-, amphiregulin, and heparin binding (HB)-EGF), but also express their receptors (ErbB1, ErbB2 and ErbB3), establishing an autocrine loop of ErbB signaling (Piepkorn et al. 1998 , Marques et al. 1999 . Although EGF itself is not produced by keratinocytes, this factor is routinely added to defined media to facilitate adhesion and growth (Piepkorn et al. 1998) . EGF or TGF-have been reported to upregulate PTHrP gene expression in immortalized breast epithelial cells, lung and prostate carcinoma cells, as well as the immortalized human keratinocyte cell line, HaCaT (Burton & Knight 1992 , Ferrari et al. 1994 , Heath et al. 1995 , Cramer et al. 1996 .
In this manuscript we investigate PTHrP mRNA expression in intact human skin taken from both neonates and adults, as well as cultured primary keratinocytes derived from these samples. Also, we present evidence that autocrine stimulation of the ErbB1 pathway is a major activator of PTHrP gene expression in keratinocytes in vitro. Finally, we identify the specific promoter, transcription factor binding site, class of transcription factor and second messenger signaling pathway that mediates ErbB1-induced activation of PTHrP gene expression.
Materials and Methods

Reagents and cell culture
EGF was purchased from Cascade Biologics (Portland, OR, USA), or supplied as one component of the human keratinocyte growth supplement (HKGS) kit. PD153035 (Calbiochem, San Diego, CA, USA) was dissolved in dimethyl sulfoxide (DMSO), stored at 20 C at stock concentration of 1·0 mM, and used at a final concentration of 1·0 µM. Human recombinant TGF-(2·0 ng/ml), amphiregulin (1·5 µg/ml), and HB-EGF (8·0 ng/ml) (all from Sigma, St Louis, MO, USA) were reconstituted in 0·1% BSA in PBS, these concentrations were respectively 5-, 30-, and 17-fold the EC 50 . Actinomycin D and CRM 197 (Sigma) were dissolved in DMSO or water, and used at 0·1-10 µg/ml. Anti-human goat amphiregulin antibody (R&D Systems, Minneapolis, MN, USA) was reconstituted in PBS and used at 0·1-5 µg/ml. TGF-monoclonal antibody (Ab-3) was obtained from Oncogene Research Products (San Diego, CA, USA), and was used at 0·1-5 µg/ml. At these concentrations, all three neutralizing reagents were able to inhibit increases of PTHrP transcripts stimulated by the application of exogenous ligands to the culture (not shown).
Skin samples and cell cultures
The adult skin samples were obtained from reductive mammoplasty and neonatal skin samples were derived from circumcisions. Use of these materials has been approved by the Indiana University Purdue University Indianapolis Institutional Review Board (0010-30). The skin samples were briefly defatted, snap frozen in liquid nitrogen, and stored at 80 C until use. Primary normal human keratinocytes were isolated from breast skin and foreskin as previously described (Pentland & Needleman 1986 , Spandau 1994 , and maintained in complete medium. The complete medium was composed of EpiLife basal medium supplemented with HKGS (Cascade Biologics) and 1000 U penicillin-streptomycin (Roche). The components and their final concentrations of the supplements were 0·2 ng/ml human EGF, 0·2% bovine pituitary extract (BPE), 5 µg/ml bovine insulin, 0·18 µg/ ml hydrocortisone, 5 µg/ml bovine transferin, and 0·06 mM calcium chloride. All experiments were conducted while keratinocytes were proliferating and were no more than 70-80% confluent.
RNA isolation and quantitative real-time reverse transcription PCR (Q-RT-PCR)
Total RNA was prepared using the RNeasy Mini kit (Qiagen, Valencia, CA, USA) according to the manufacturer's instructions.
Reverse transcription (RT) of total RNA was performed in a final volume of 50 µl. Total RNA (1·0 µg) was treated with RQ1 DNase (Promega Corp., Madison, WI, USA) in 1 PCR buffer, 5 mM MgCl 2, 1 mM dNTP, and 1 U RNasin RNase inhibitor (Promega Corp.) at 37 C for 1 h prior to first strand cDNA synthesis. The DNase-treated total RNA was subjected to reverse transcription using 1 U Moloney murine leukemia virus (MuLV) reverse transcriptase and 2 µM random hexamers (Applied Biosystem, Foster City, CA, USA) at 42 C for 30 min. The reverse transcriptase was inactivated by heating at 75 C for 5 min and cooling at 5 C for 5 min.
Quantitative real-time PCR (Q-PCR) was performed using QuantiTect SYBR Green PCR master mix (Qiagen) according to the manufacturer's instructions employing 5·0 µl cDNA. PCR reactions were performed in a DNA Engine Opticon System (MJ Research Inc., Waltham, MA, USA). The PCR cycling comprised an initial incubation at 95 C for 15 min to activate HotStarTaq DNA polymerase and 45 cycles of denaturation at 94 C for 15 s, annealing (temperature listed in Table 1 for specific transcripts) for 30 s, and extension at 72 C for 30 s. To verify the specificity of the PCR products, a melting curve analysis was routinely performed in the range of temperature from 55 C to 95 C. No-template control and no RT-treated samples were included as negative controls; they did not produce significant signals.
RNase protection
RNase protection analysis of the promoter-specific transcripts was performed as previously described (Vasavada et al. 1993) .
Plasmids
The human PTHrP-luciferase reporter gene constructs that were used have been described previously by Cataisson et al. (2003) . The constructs bearing mutations on stat, ets-1, and smad-binding sites on the BglI-HindIII construct were generated by site-directed mutagenesis (V Richard and T J Rosol, unpublished data). The pCDNA-3-based expression vectors of ets-1, ets-2, and dominant negative ras and raf have been described previously (Quilliam et al. 1994 , Brtva et al. 1995 , Lindemann et al. 2001 .
Transient transfection
Transient transfection was performed using FuGENE 6 reagent (Roche Applied Science) according to the manufacturer's instructions. Twenty-four hours after plating 7 10 4 cells in 12-well culture dishes, keratinocytes were 20-30% confluent and were transfected with 0·5 µg PTHrP reporter construct in 3 µl FuGENE 6. For cotransfection, 0·5 µg PTHrP reporter construct and 0·25 µg expression vector in 4·5 µl FuGENE 6 were used. Each transfection mixture also contained 10 ng cytomegalovirus (CMV)--galactosidase expression vector. After 48 h transfection, keratinocytes were washed twice in PBS and extracted with 200 µl luciferase lysis buffer (Promega). Twenty microliters cell extract were used in a reaction mixture that contained beetle luciferin (Promega), and luciferase activity was measured in a TD-20/20 luminometer (Turner Designs, Sunnyvale, CA, USA). The luciferase activity was normalized to -galactosidase activity with the exception of Ets cotransfection experiments or treatments with PD153035. Both of these conditions substantially repressed expression of the CMV driven--galactosidase vector; therefore, these transfections were normalized by measuring total protein in the extract. Total protein was measured with the BCA protein assay reagent kit (Pierce Biotechnology, Rockford, IL, USA).
Statistical analysis
Results are expressed as the mean S.D. of triplicate determinations. Statistical comparisons are based on one-tail analysis of the Student's t-test, or a one-way ANOVA. A probability value of ,0·05 was considered to be significant.
Results
PTHrP mRNA expression is upregulated in keratinocytes in culture
In keratinocyte cultures, growth factor supplements facilitate proliferation and inhibit differentiation. To determine whether PTHrP expression in primary keratinocytes reflected that of the intact epidermis, PTHrP mRNA expression was evaluated in matched sets of intact neonatal foreskins and keratinocytes derived from those samples. The vast majority of mRNA from full thickness human skin samples appears to be derived from the epidermis (Urschitz et al. 2002) . As shown in Fig. 1A , RNase protection detected PTHrP transcripts in RNA samples from primary neonatal keratinocytes, but failed to do so in samples from intact foreskin. The neonatal foreskin is distinct from the majority of human skin in that it has minimal appendages and contains an inner non-keratinized epithelium as well as the outer epidermis. We questioned whether the observation that keratinocytes contained much more PTHrP mRNA than intact skin could be generalized to adult skin of the trunk.
To extend our findings, we purified RNA from matched sets of skins derived from breast reductions and keratinocytes grown from these samples. In this case, PTHrP mRNA levels were measured by real-time Q-RT-PCR. Like foreskin-derived keratinocytes, PTHrP mRNA levels were markedly higher in keratinocytes than in the intact skins (Fig. 1B) .
ErbB1 signaling is a major activator of PTHrP gene expression in proliferating keratinocytes
It has been reported that EGF is a potent stimulator of PTHrP gene expression in many cell types (Ferrari et al. 1994 , Heath et al. 1995 , Cramer et al. 1996 . Therefore, we reasoned that the presence of EGF as 'growth supplement' in keratinocyte media might activate PTHrP gene expression. To test this hypothesis, we measured PTHrP transcripts from RNA samples derived from rapidly proliferating keratinocyte cultures with and without EGF and those treated with the ErbB1 inhibitor, PD153035. The presence or absence of EGF had no impact on PTHrP mRNA levels in keratinocytes, whereas treatment with PD153035 markedly decreased transcripts by 82-85% as compared with non-treated samples (Fig. 2) . We found that deprivation of bovine pituitary extract, insulin, hydrocortisone and transferrin did not substantially change the 
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PTHrP mRNA levels (Fig. 2) . These results suggest that ErbB1 receptor activity is a major stimulator of PTHrP gene expression in non-confluent keratinocyte cultures in the presence or absence of exogenous growth supplements, including EGF.
Endogenous amphiregulin stimulates PTHrP gene expression
In cultured keratinocytes, ErbB1 can be activated by endogenously produced EGF-like ligands (Pittelkow et al. 1993 , Piepkorn et al. 1998 . Initially, we evaluated amphiregulin, TGF-, and HB-EGF mRNA expression in our cultures of rapidly growing keratinocytes with Q-RT-PCR. As shown in Fig. 3A , keratinocytes grown in this manner contained amphiregulin mRNA levels that were .500-fold greater than those of TGF-and HB-EGF. Next, to determine if these factors stimulated PTHrP gene expression, we treated EGF-deprived proliferating keratinocytes with exogenous amphiregulin, TGF-and HB-EGF. As shown in Fig. 3B , they all slightly increased PTHrP mRNA levels (1·4-to 1·6-fold) compared with the non-treated control. To determine whether endogenous production of these factors activates PTHrP gene expression, we treated non-confluent keratinocytes with neutralizing reagents at various concentrations (antibodies to amphiregulin and TGF-as well as CRM 197, a fragment of diphtheria toxin that binds HB-EGF and prevents it from stimulating ErbB1). Only the amphiregulin antibody produced a dose-dependent reduction in PTHrP mRNA expression (Fig. 3C ). These findings suggest that autocrine stimulation of ErbB1 by amphiregulin accounts for the majority of PTHrP mRNA expression in cultured keratinocytes.
ErbB1 signaling activates PTHrP P3-TATA promoter, but does not increase mRNA stability
We used actinomycin D treatment to investigate whether a blockade of ErbB1 signaling altered PTHrP transcript stability. We added 5 µg/ml actinomycin D to two groups of keratinocytes (one treated with PD153035 and one not treated) and observed PTHrP mRNA levels in samples from both groups at various times after treatment. As shown in Fig. 4 , no difference in the stability of PTHrP mRNA was observed between the groups. These experiments were repeated three times using keratinocytes from different donors with similar results. *P,0·05; **P,0·01.
To determine which of the three PTHrP promoters was activated by ErbB1 signaling, we performed a promoterspecific RNase protection assay on RNA from control keratinocytes and those treated with PD153035. In this assay we used a single probe that protected three distinct fragments, each derived from a different promoter (Fig.  5A ). As shown in Fig. 5B , the majority of PTHrP transcripts were derived from the P3 promoter, and the level of transcripts was markedly decreased by PD153035.
To further define the P3 promoter region responding to ErbB1 signaling and establish that ErbB1 signaling regulated PTHrP gene expression at the transcriptional level, we used a transient transfection assay employing two P3 PTHrP reporter constructs cloned to the pGL2 basic luciferase vector. One was a 672 bp BglI-HindIII ( 662+10) construct containing the upstream P3 promoter region. The other was a shorter deletion construct, 510 bp AccI-HindIII ( 500+10) fragment, which contained only 15 bases upstream of the TATA box. As shown in Fig. 5C , the keratinocytes transfected with the 672 bp PTHrP construct had 40 times the activity of the promoter-less pGL2 vector. The activity of this construct was repressed 80-90% by treating transfected cells with PD153035. Deletion of the region upstream of the P3 TATA box decreased the luciferase activity 95% and PD153035 treatment reduced the activity by about 10%. This finding implies that cis-acting elements present in the -662 to -501 PTHrP P3 promoter region are required to activate PTHrP transcription in response to ErbB1 signaling.
The Ets binding site is required for high levels of P3 reporter gene activity
Within 60 bases upstream of the PTHrP P3-TATA box there is a cluster of functional binding sites for transcription factors such as STAT (signal transducer and activator of transcription), Sp-1, Ets and Smad binding (Dittmer et al. 1993 , 1994 , Lindemann et al. 2001 . We used a transient transfection assay using the wild-type (672 base BglIHindIII) PTHrP P3 promoter and constructs with mutated binding sites for STAT (GAS), Ets-1 (EBS), and Smad (SBS) (Fig. 6A) . The luciferase activity of reporter constructs with a mutated EBS was decreased by 55% as compared with the wild-type construct (Fig. 6B) .
Ten ETS domain proteins have been detected in the epidermis and reports suggest that the expression level of these transcription factors was increased in cultured keratinocytes (Andreoli et al. 1997) . Seven of the Ets factors in keratinocytes can bind to consensus motifs similar to the EBS site upstream of the PTHrP-P3 promoter (Sharrocks et al. 1997) . To determine if Ets factors can directly influence PTHrP gene expression, we performed cotransfections with both the wild-type and EBS mutant P3 promoter constructs and Ets-1 or Ets-2 expression vectors. As shown in Fig. 6C , Ets-1 and Ets-2 increased the wild-type P3 promoter reporter activity .17-fold but modestly activated the EBS mutant construct. This suggested that increased levels of Ets factors could activate the PTHrP-P3 promoter in keratinocytes.
ErbB1 signaling stimulates PTHrP gene expression through the ras/raf kinase pathway
Ets factors often mediate changes in gene expression triggered by the ras-MAP kinase (MAPK) pathway (Sharrocks et al. 1997 , Jost et al. 2000 . To determine if the ras-MAPK pathway mediates ErbBl activation of PTHrP gene expression, we performed a co-transfection assay employing the wild-type P3 promoter construct and expression vectors of dominant negative ras and raf. Expression of dominant negative ras and raf decreased the P3 promoter reporter gene activity by 70 and 90% respectively (Fig. 7) .
Discussion
The results presented here lead us to reconsider PTHrP expression in the epidermis. We found that the intact human epidermis from foreskins or trunk expresses very low levels of PTHrP mRNA that could not be discerned by RNase protection and were barely detectable by quantitative RT-PCR (Fig. 1) . The initial surveys of The expected fragments generated from each of the three promoters in an RNase protection assay with the BAM-NSI probe are illustrated below the schematic. Transcripts produced from the P2 GC promoter initiate 10 bp upstream of exon IC and therefore generate a 250-bp protected fragment. Transcripts produced from the P1 TATA include exon IC and therefore generate a 240-bp fragment. Transcripts produced from the P3 TATA initiated at exon 2 are the only transcripts that include this exon and generate a 160-bp fragment. (B) Each lane represents 40 g total RNA hybridized with the human BAM-NSI 5 probe. The intensity of the P3 promoter-derived transcripts was decreased in lanes treated with PD153035. (C) A transient transfection assay employing two PTHrP P3 promoter reporter constructs 662 BglI +10 HindIII and a shorter deletion construct 500 AccI +10 HindIII, and a promoterless luciferase vector pGL-2. The constructs are numbered in reference to the ATG of the human PTHrP gene, denoted as +1. Luciferase levels were normalized to total protein and plotted as fold activity of the pGL-2 vector expressed as means S.D. of triplicate cultures. These experiments were repeated three times using keratinocytes from different donors with similar results. **P,0·01.
PTHrP gene expression in primary human keratinocytes reported that the addition of EGF had a modest impact on secretion of immunoreactive PTHrP into the media (1·5-to 2-fold) and stimulated short-term increases in PTHrP mRNA (Kremer et al. 1991) . Consistent with these findings, we observed that the treatment of keratinocytes with HB-EGF, TGF-and amphiregulin modestly increased PTHrP mRNA expression (1·4-1·6-fold), whereas the low levels of supplemental EGF (0·03 nM) had no impact on gene expression. We suggest that the production of EGF ligands, particularly amphiregulin, in cultured keratinocytes activates erbB1, resulting in relatively high levels of PTHrP gene expression. In contrast, the epidermis and dermis of intact skin produce low levels of these ligands (Cook et al. 1991 , Piepkorn et al. 1998 , and therefore would be expected to produce very little PTHrP. However, PTHrP gene expression would be predicted to be upregulated as a consequence of hyperproliferative epidermal conditions that are associated with The luciferase activities were normalized to beta galactosidase levels in (B) and to protein levels in (C) and were expressed as means S.D. of triplicate cultures. All transfections were repeated at least three times with keratinocytes from different donors and the results of a representative experiment are shown. *P,0·05; **P,0·01. RLU, relative luciferase units.
Figure 7
Blockade of ras and raf signaling inhibit PTHrP-P3 promoter reporter activity. Transient co-transfection assays employing PTHrP P3 promoter (construct and dominant negative ras or raf expression vector were performed as in Fig. 6 ) are shown. The luciferase activities were normalized to beta galactosidase levels, and all transfections were repeated at least three times with keratinocytes from different donors. The results of a representative experiment are shown. **P,0·01. RLU, relative luciferase units.
high levels of EGF-like ligand expression. Consistent with this prediction, PTHrP transcripts were found to be increased in the migrating keratinocytes within wounds (Blomme et al. 1998) .
Our measurements of PTHrP transcript levels in intact skin are at variance with the many immunohistochemical labeling studies which indicate that the cells of the epidermis contain substantial PTHrP immunoreactivity, consistent with a high rate of gene expression , Atillasoy et al. 1991 , Rosol et al. 1993 , Sharpe et al. 1998 . While the possibility exists that the intact epidermis stores PTHrP rather than constitutively secreting it (leading to substantial immunoreactivity), a more likely explanation for the immunohistochemistry findings is non-specificity of antibody reagents. We have used several N-terminal and midregion antibodies from commercial and private sources on skin from the PTHrP-knockout mouse under a wide variety of conditions and found that all labeled the epidermis (unpublished results). Thus, consistent with observations that most adult tissues express low levels of PTHrP, we suggest that the undisturbed epidermis produces very little of this protein.
The substantial reduction in PTHrP mRNA levels achieved by PD153035, as well as amphiregulin antibodies, suggests that PTHrP production in cultured keratinocytes is largely activated through autocrine stimulation of ErbB1 by amphiregulin. Consequently, additional exogenous EGF-like ligands would be expected to have a minimal impact on PTHrP gene expression in cultured keratinocytes. The immortalized keratinocyte cell line, HaCaT, is often used as a model of keratinocytes; however, they produce exceedingly low levels of HB-EGF, TGF-and amphiregulin when deprived of serum (Stoll & Elder 1999) . In contrast to primary keratinocytes, treatment of serum-deprived HaCaT cells with EGF resulted in a tenfold increase in immunoreactive PTHrP and a four-to eightfold increase in mRNA (Heath et al. 1995) . Thus, the finding that the addition of exogenous EGF to HaCaT cells robustly activated the gene is consistent with our results.
Our findings suggest the following scenario for erbBmediated activation of PTHrP gene expression: EGF-like ligand binding leads to homodimerization of the ErbB1 receptor and activation of the ras-raf-MEK-ERK cascade, triggering Ets proteins to transactivate the PTHrP-P3 promoter. Stimulation of the ras-MAPK pathway appears to mediate activation of this calcitropic factor by a host of stimuli in many cell types (Aklilu et al. 2000 , Kakonen et al. 2002 , MacLeod et al. 2003 . ErbB1 signaling has been reported to directly increase the expression of Ets factors in other cell types (Amorino et al. 2002) , suggesting that PTHrP gene transcription may be activated, in part, by an increase in these transcription factors.
Although EGF-like ligands have been reported to activate PTHrP gene expression in a number of cell types, it has not been clear whether EGF-like ligands play a substantial role in the activation of PTHrP gene expression in primary keratinocytes. By using the specific ErbB1 tyrosine kinase inhibitor, PD153035, we found that activation of this pathway accounts for the majority of PTHrP transcripts expressed by keratinocytes grown in vitro. Autocrine activation of ErbB1 is a characteristic of a wide variety of tumors derived from epithelia (Yarden & Sliwkowski 2001 ) and this pathway may account for increased PTHrP gene expression in many of these cell types.
